- 1 - 



CFO 17909 US 



IMAGE FORMING APPARATUS AND IMAGE FORMING METHOD 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an image 
forming apparatus and an image forming method. 
Related Background Art 

Up to now, as an image forming apparatus for 
forming an image on a recording material such as 
paper, there has been known an image forming 
apparatus which uses an electrophotographic process . 

For example, a color image forming apparatus 
primarily transfers plural colors of toners, which 
are formed on plural photosensitive drums, onto an 
intermediate transfer member sequentially to form 
toner images. After that, the apparatus secondarily 
transfers the toner images on the intermediate 
transfer member onto a recording material, and heat- 
fixes the toner images on the recording material by a 
fixing device to thereby form a color image. 

In addition, in the image forming apparatus 
using the electrophotographic process, in order to 
cope with various recording materials (media), for 
example, in the case in which an image is formed on 
cardboard, rough paper, OHT, or the like, it is 
desirable to perform a fixing step at a process speed 
lower than a normal image forming speed in order to 
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secure fixing property and image transparency. 

Further, in the case in which an image is 
formed on a thick paper (e.g., cardboard), rough 
paper, OHT, or the like, it is conceivable that a 
5 method of performing an image forming operation at a 
second process speed lower than a normal process 
speed (processing speed of an image forming operation 
such as a conveying speed of a recording material) is 
adopted. However, all steps of an image forming 

10 process (charging, exposure, development, primary 
transfer, secondary transfer, and fixing) of the 
electrophotographic process may be performed at a 
process speed associated with each medium. However, 
it is necessary to perform optimization of an applied 

15 bias voltage in charging, development, transfer, and 
the like with respect to each process speed in order 
to cope with plural process speeds. In particular, 
it is very difficult to optimally set a charging bias 
voltage and a development bias voltage with respect 

20 to each process speed such that an image of a desired 
quality is formed with respect to a structure and a 
composition of a photosensitive member and a 
composition of a toner. 

Thus, it is conceivable that a method of 

25 performing an image forming process up to transfer of 
toner images onto a recording material at a first 
process speed and performing a fixing step for heat- 
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fixing the toner images on the recording material at 
a second process speed is adopted. 

With the former method, if a sufficient 
conveying distance (at least a length of the 
5 recording material) is secured between a secondary 
transfer unit and a fixing unit, it is possible to 
perform only the fixing step at the second process 
speed. However, it is difficult to reduce a size of 
the apparatus because the sufficient conveying 

10 distance is required between the secondary transfer 
unit and the fixing unit. 

Thus, it is possible to always stabilize an 
image quality at the time of image formation 
regardless of a set mode by performing the image 

15 forming process from the charging step to the primary 
transfer step while keeping a constant process speed 
(first process speed) and switching a process speed 
in the middle of the image forming process in the 
secondary transfer step and the fixing step according 

20 to a mode (setting on whether the fixing step is 

performed at the first process speed or the second 
process speed) . 

However, in the case in which a structure for 
performing the charging step to the primary transfer 

25 step at the first process speed and performing the 
secondary transfer step and the fixing step at the 
second process step is adopted, it is necessary to 
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adjust a positional relation between an image leading 
end and a recording material leading end (distance 
from the recording material leading end to the image 
leading end) according to fluctuation in the number 
5 of rotations of a motor at the time when the process 
speed is changed, time lag at the time of building-up 
and building- down of rotation of the motor, and the 
like . 

10 SUMMARY OF THE INVENTION 

The present invention has been devised in view 
of the above-mentioned points, and it is an object of 
the present invention to provide an improved image 
forming apparatus. 

15 In addition, it is another object of the 

present invention to provide an image forming 
apparatus which can set a positional relation between 
a recording material leading end and an image leading 
end of an image formed on the recording material to a 

20 desired positional relation. 

It is another object of the present invention 
to provide an image forming apparatus, including: an 
image bearing member for bearing a toner image; an 
image forming unit for forming a toner image on the 

25 image bearing member; an intermediate transfer member 
to which the toner image is primarily transferred 
from the image bearing member, the intermediate 
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transfer member rotating while being in contact with 
the image bearing member; an output unit for 
outputting information on a moving distance at the 
time when the intermediate transfer member rotates; a 
5 conveying unit which, in an attempt to secondarily 

transfer the toner image on the intermediate transfer 
member to a predetermined position on a recording 
material, starts conveyance of the recording material 
at a predetermined timing; a calculation unit for 

10 calculating the predetermined timing on a basis of 
the information on the moving distance which is 
output by the output unit at the time when a rotation 
speed of the intermediate transfer member is switched 
from a first speed to a second speed lower than the 

15 first speed; a storage unit for storing information 
on the predetermined timing calculated by the 
calculation unit; and a control unit for controlling - 
the rotation of the intermediate transfer member and 
the conveyance of the recording material by the 

20 conveying unit, 

wherein, in the case in which the rotation 
speed of the intermediate transfer member is switched 
from the first speed to the second speed lower than 
the first speed to secondarily transfer the toner 

25 image on the intermediate transfer member to the 

predetermined position on the recording material, the 
control unit controls the conveying unit to start the 
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conveyance of the recording material at the 
predetermined timing stored in the storage unit. 

These and other objects, features and 
advantages of the present invention will become more 
5 apparent upon reading of the following detailed 
description along with the accompanied drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing a schematic 
10 structure of an image forming apparatus according to 
a first embodiment of the present invention; 

FIG. 2 is a sectional view showing a structure 
around a secondary transfer nip area; 

FIG. 3 is a graph showing a change in a process 
15 speed from the start until the end of detection of 

the number of motor rotations according to the first 
embodiment of the present invention; 

FIG. 4 is a sectional view showing a schematic 
structure of an image forming apparatus according to 
20 a second embodiment of the present invention; 

FIG. 5 is a graph showing a change in a process 
speed from the start until the end of detection of 
the number of motor rotations according to a third 
embodiment of the present invention; 
25 FIG. 6 is a flowchart of an image forming 

operation according to a fourth embodiment of the 
present invention; 
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FIG. 7 Is a timing chart of the image forming 
operation according to the fourth embodiment of the 
present invention; 

FIG. 8 is a block diagram showing a schematic 
5 structure of an image forming apparatus; 

FIG. 9 is a sectional view showing a schematic 
structure of the image forming apparatus ; 

FIG. 10 is a block diagram showing a schematic 
structure of an engine controller according to the 
10 forth embodiment of the present invention; 

FIG. 11 is a flowchart of an image forming 
operation according to a fifth embodiment of the 
present invention ; 

FIG. 12 is a timing chart of the image forming 
15 operation according to the fifth embodiment of the 
present invention ; 

FIG. 13 is a flowchart of an image forming 
operation according to a sixth embodiment of the 
present invention ; 
20 FIG. 14 is a timing chart of the image forming 

operation according to the sixth embodiment of the 
present invention; 

FIG. 15 is a block diagram showing a schematic 
structure of an engine controller according to the 
25 sixth embodiment of the present invention; 

FIG. 16 is a flowchart of an image forming 
operation according to a seventh embodiment of the 



• « 

- 8 - 

present invention; and 

FIG. 17 is a timing chart of the image forming 
operation according to the seventh embodiment of the 
present invention. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First embodiment 

FIG. 1 is a sectional view showing a schematic 
structure of a "color image forming apparatus" 

10 according to the first embodiment. FIG. 2 is a 

sectional view showing a structure around a secondary 
transfer nip area. 

This structure has photosensitive drums 11a to 
lid corresponding to color toners of a first color of 

15 yellow, a second color of magenta, a third color of 
cyan, and a fourth color of black, respectively. An 
intermediate transfer belt 1 serving as an 
intermediate transfer member is in contact with the 
photosensitive drums 11a to lid in primary transfer 

20 units thereof, respectively. 

The photosensitive drums are arranged along a 
moving direction of the intermediate transfer belt 1 
in the following order from the upstream side: the 
photosensitive drum 11a of the first color (yellow) , 

25 the photosensitive drum lib of the second color 

(magenta) located closest to the photosensitive drum 
11a on the downstream side thereof, the 
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photosensitive drum 11c of the third color (cyan) 
located closest to the photosensitive drum lib on the 
downstream side thereof, and the photosensitive drum 
lid of the fourth color (black) located closest to 
5 the photosensitive drum 11c on the downstream side 
thereof . 

A resistance of the intermediate transfer belt 

1 is preferably 1*10 6 to 1*10 12 Q-cm in volume 
resistivity. As the intermediate transfer belt 1, a 

10 belt of urethane resin, fluorine resin, polyamide 

synthetic fiber resin, or polyimide resin, a belt of 
an elastic material such as silicone rubber or hydrin 
rubber, or a belt of a material which is obtained by 
dispersing carbon or conductive power to those 

15 materials to adjust resistance thereof can be used. 

In the first embodiment, an endless belt of a 
single layer with thickness of 0.1 mm, volume 

resistivity of which is adjusted to l x 10 9 Q-cm by 
dispersing carbon in polyimide, is used as the 

20 intermediate transfer belt 1. 

The intermediate transfer belt 1 is suspended 
by three rollers of a drive roller la, a separation 
roller lb, and a support roller 1c which are arranged 
on the inner side of the intermediate transfer belt 1. 

25 As a tension of the intermediate transfer belt 

1, although depending upon a material, it is 
desirable to set an elongation percentage to 1% or 
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less so as to prevent breakage or permanent 
distortion of the intermediate transfer member from 
occurring. In the first embodiment, the tension is 
set such that a load of 150 N is applied to the 
intermediate transfer belt 1. 

In the primary transfer units, primary transfer 
rollers 15a to 15d # which are formed by coating a 
cored bar with an elastic material of a medium 
resistance (volume resistivity of 1*10 4 to 1*10 7 
Q*cm), are arranged to be opposed to the 
photosensitive drums 11a to lid, respectively, so as 
to nip the intermediate transfer belt 1. 

A secondary transfer roller 2 is a roller, 
which is formed by coating a cored bar with an EPDM 
foamed layer having a resistance value of the medium 
resistance (volume resistivity of 1*10 4 to 1*10 7 
Q*cm), and is arranged in a position opposed to the 
separation roller lb so as to nip the intermediate 
transfer belt 1 and a recording material. 

An image forming operation of the image forming 
apparatus will be described together with an image 
forming process thereof. 

A photosensitive drum 11a rotates at a 
predetermined process speed (here, 0.117 m/s) in a 
direction of arrow and is uniformly charged by a 
primary charger 12a. An electrostatic latent image 
is formed on the photosensitive drum 11a by a laser 
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beam from a scanner 13a which is modulated by an 
image information signal sent from a host computer. 

An intensity and an irradiation spot diameter 
of the laser beam are set properly according to a 
5 resolution of the image forming apparatus and a 
desired image concentration. The electrostatic 
latent image on the photosensitive drum 11a is formed 
by maintaining a potential of a part of the 
photosensitive drum lla # where the laser beam is 

10 irradiated, at a light portion potential VL (-150 V) 
and maintaining a potential of the remaining part 
thereof, where the laser beam is not irradiated, at a 
dark portion potential VD (-550 V) charged by the 
primary charger 12a. 

15 The electrostatic latent image reaches a part, 

where the photosensitive drum 11a is opposed to the 
developing device 14a, according to the rotation of 
the photosensitive drum 11a. Toners charged in an 
identical polarity (negative polarity in this 

20 embodiment) are supplied to the electrostatic latent 
image according to an action of a developing electric 
field by a developing bias (voltage) power supply 
(not shown) , and the electrostatic latent image is 
visualized. 

25 The developing device in the first embodiment 

is a developing device of a contact development 
system. A developing bias Vdc (-400 V) is applied to 
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a developing roller which rotates in contact with the 
photosensitive drum 11 . 

In full-color image formation, toner images are 
formed in the same manner for the photosensitive 
5 drums 11a to lid corresponding to the respective 
colors and are primarily transferred onto the 
intermediate transfer belt 1, which serves as the 
intermediate transfer member, sequentially in 
respective primary transfer nips to form a multi- 

10 color image • 

The intermediate transfer belt 1 is rotated in 
a direction of arrow by the drive roller la in 
synchronization with the respective photosensitive 
drums 11a to lid at a predetermined process speed 

15 (here, 0.117 m/s). 

In the respective primary transfer nips formed 
by the intermediate transfer belt 1 and the 
photosensitive drums 11a to lid, toner images are 
primarily transferred by an electric field, which is 

20 formed in the primary transfer nip area by a bias 

(here, +500 V) of a polarity opposite to the polarity 
of the toners applied to the primary transfer rollers 
15a to 15d which are in contact with the rear surface 
of the intermediate transfer belt 1 . 

25 As described above, toner images are formed on 

the photosensitive drum 1 serving as an image bearing 
member by image forming units composed of the primary 
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chargers 12, the scanners 13, the developing devices 
14, and the like, and the toner images on the 
photosensitive drum 1 are primarily transferred onto 
the intermediate transfer belt 1 by the primary 
5 transfer rollers 15. 

When the intermediate transfer belt 1 has 
passed the primary transfer nip between the 
intermediate transfer belt 1 and the photosensitive 
drum lid, the full color image is born on the 

10 intermediate transfer belt 1, and the primary 
transfer step is completed. 

On the other hand, the surfaces of the 
photosensitive drums 11a to lid, which have undergone 
the primary transfer of the toner images, are cleaned 

15 while primary transfer residual toners and the like 
are removed from the surfaces by drum cleaning 
devices 16a to 16d, and the photosensitive drums 11a 
to lid are prepared for the next image forming 
process. 

20 Waste toners removed by the drum cleaning 

devices 16a to 16d are collected in waste toner boxes 
17a to 17d adjacent to the respective drum cleaning 
devices . 

Next, one recording material P is taken out by 
25 paper feeding means (not shown) and passed through 
the secondary transfer nip area. The recording 
material P stops and stands by in a registration 
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roller 40 after the paper feeding in order to align a 
leading end position of the recording material P and 
an image leading end position. The registration 
roller 40 is driven at timing for effecting a leading 
5 end registration in synchronization with the image 
leading end to feed the recording material P to the 
secondary transfer nip area again. 

At this point, a bias (here, +2 kV) of a 
polarity opposite to a polarity of the toners is 

10 applied to the secondary transfer roller 2, and the 
toner images are transferred onto the recording 
material P from the intermediate transfer belt 1 . 

The recording material P having an unfixed 
color image transferred thereon, which has exited the 

15 secondary transfer nip area, reaches a fixing device 
18 and is heated and pressurized, whereby a 
permanently fixed image is obtained. 

Residual toners after the secondary transfer 
are removed from the surface of the intermediate 

20 transfer belt 1, from which the toner images have 

been transferred onto the recording material P, by an 
intermediate transfer member cleaning blade 19 made 
of urethane rubber. The removed residual toners are 
collected in an intermediate transfer member waste 

25 toner box 20. 

In the first embodiment, a DC motor is used for 
a drive motor 30 of the intermediate transfer member 
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1 „ The drive roller la is driven to rotate in a 
direction of arrow. 

Usually, at the time of image formation, all 
steps of the image formation are performed at a 
5 normal process speed (first process speed). On the 
other hand, at the time of a thick paper mode 
( cardboard mode ) , a rough mode , an OHT mode , and the 
like, in order to secure a fixing property and 
improve gloss and transparency, a structure for 

10 switching a process speed after the primary transfer 
and performing the secondary transfer and fixing 
steps at a second process speed is adopted. 

From the start of the image formation, images 
are formed sequentially in an order of a first color 

15 of yellow, a second color of magenta, a third color 
of cyan, and a fourth color of black, and toner 
images of the respective color toners are multiply 
transferred onto the intermediate transfer belt 1 in 
the first transfer units. In this embodiment, after 

20 the image of the fourth color of black is transferred 
onto the intermediate transfer belt 1, switching of a 
speed from the first process speed to the second 
process speed is started. 

In FIG. 1, W A" indicates a leading end position 

25 of an image at the time when the speed switching is 
started. "B" indicates a leading end position of an 
image at the point when the switching to the second 
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process speed is completed including building-down 
time for the rotation of the motor at the time of the 
speed switching. In addition, in FIG. 2, L2 
indicates a distance from the image leading end 
5 position "B" to the secondary transfer unit 2 at the 
point when the switching to the second process speed 
is completed. Note that "A" is shown for convenience 
of explaining speed switching timing and the image 
leading end position. As it is evident from the 

10 description below, it is not specifically necessary 

to detect this image leading end position. The image 
leading end position is provided in advance as a 
default value for certain detection timing. 

A motor rotation number detection circuit for 

15 detecting the number of motor rotations is provided 
in the drive motor 30 to make it possible to detect 
the number of rotations by detecting a signal from 
the drive motor 30. A CPU 31 receives a signal 
detected by the motor rotation number detection 

20 circuit of the drive motor 30 and performs an 

arithmetic operation to thereby output information on 
a conveying distance (moving distance where the 
intermediate transfer belt moves) of the intermediate 
transfer belt 1 from the number of rotations of the 

25 motor 30. 

Then, the CPU 31 further calculates paper 
feeding timing at the time when a rotation speed of 
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the intermediate transfer belt 1 is switched from the 
first process speed to the second process speed on 
the basis of the information on the moving distance 
at the time when the intermediate transfer belt 1 
rotates. In addition, a result of this calculation 
is stored in a writ able /readable memory 100. At the 
time of image formation, the recording material P is 
conveyed from the registration roller 40 on the basis 
of the paper feeding timing stored in the memory 100. 

Note that the CPU 31 controls the rotation of 
the intermediate transfer belt 1 by the drive motor 
30 and also controls the paper feeding timing 
(conveyance start timing) of the recording material P 
to the secondary transfer roller 2 by the 
registration roller 40. 

In the first embodiment, the process speed at 
the time of normal image formation (first process 
speed) is set to 0.09 m/s, and the second process 
speed is set to 0.045 m/s # which is half the first 
process speed, as the cardboard and rough paper mode. 

In measuring and calculating the number of 
rotations of the drive motor 30 to feed it back to 
paper feeding timing at the time of image formation, 
assuming that a distance from the image leading end 
position B at the time of completion of the switching 
to the second process speed to a secondary transfer 
nip C is L2, in the case in which a relation between 



the distance L2 and a distance L3 from the 
registration roller 40 to the secondary transfer nip 
C is L2>L3, it becomes possible to effect the image 
leading end registration by causing paper to stand by 
for a distance L'=L2-L3 after the switching to the 
second process speed and then feeding the paper . On 
the other hand, in the case of L3>L2 as shown in the 
figure, it is necessary to set paper feeding start 
timing before the completion of speed switching. 
Thus, in a system for measuring and calculating the 
number of rotations of the motor after the completion 
of the switching to the second process speed and then 
feeding back the number of rotations to the paper 
feeding timing, it is likely that paper feeding is 
late. 

In the first embodiment, at the startup of an 
initial sequence at the time of input of a power 
supply (e.g., a sequence for performing preparation 
before it becomes possible to start image formation 
such as environmental detection and resistance 
detection of a roller) , the CPU 31 carries out a 
paper feeding timing acquisition sequence, detects 
building-down state of motor rotation at the time of 
the speed switching of the motor, and calculates a 
conveying distance for the building-down of the 
intermediate transfer belt from a result of the 
detection. Then, the CPU 31 calculates paper feeding 
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timing on the basis of a result of the calculation, 
stores a calculated value in the memory 100, and 
performs a paper feeding operation on the basis of 
the stored value at the time of image formation. 
5 Consequently, since it is unnecessary to measure the 
number of motor rotations and feed it back to paper 
feeding timing at the time of every image formation, 
it becomes possible to always feed paper at optimal 
paper feeding timing regardless of a structure of the 

10 apparatus such as the relation of L2 and L3. 

An operation of this embodiment will be 
hereinafter described more specifically. 

At the time of initial rotation such as the 
time of input of a power supply, it is possible to 

15 carry out the paper feeding timing acquisition 
sequence at arbitrary timing. However, in this 
embodiment, the paper feeding timing acquisition 
sequence is carried out at the time of initial 
rotation and after the end of the initial sequence 

20 before the image formation. Note that the initial 
rotation means an operation for rotating the 
photosensitive drum 11 in order to charge the surface 
of the photosensitive drum 11 to a predetermined 
potential such that an image forming operation 

25 becomes possible. Further, the initial sequence is a 
sequence which is performed at the time of execution 
of the initial rotation, and the paper feeding timing 
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acquisition sequence is executed after the end of the 
initial sequence. In a state in which the motor is 
driven at the first process speed after the end of 
the initial sequence, the CPU 31 starts the paper 
feeding timing acquisition sequence. First, after 
starting detection of the number of rotations of the 
motor, the CPU 31 switches the speed of the motor 
from the first process speed to the second process 
speed after a fixed time. 

Then, the CPU 31 ends the detection at the 
point when the number of motor rotations is 
completely switched to the second process speed, 
calculates a total moving distance of the 
intermediate transfer belt at the time of building- 
down based on a total number of rotations of the 
motor from the start until the end of the detection 
of the number of motor rotations, and determines 
paper feeding timing on the basis of a result of the 
calculation. The CPU 31 stores this determined value 
in the memory and uses the value as the paper feeding 
timing. 

In the case of the drive motor 30 used in the 
first embodiment, a time required for building-down 
of the drive motor 30 when the process speed was 
switched from the first process speed (0.09 m/s in 
the first embodiment) to the second process speed 
(0.045 m/s in the first embodiment) was about 0.2 to 
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0.3 seconds taking into account individual 
differences, environmental differences, and endurance 
variation. Thus, in the first embodiment, the 
switching of the speed of the motor was started 
5 simultaneously with the start of the detection of the 
number of motor rotations, and the detection time was 
set to 0.5 seconds in total including a margin. 

FIG. 3 is a graph showing the number of motor 
rotations (process speed of the intermediate transfer 

10 belt) with respect to an elapsed time from the start 
until the end of the detection of the number of motor 
rotations. 

First, by detecting the total number of 
rotations of the motor in 0.5 seconds with detecting 

15 means, the CPU 31 calculates a total moving distance 

a of the intermediate transfer belt 1 moving in 0.5 
seconds from the start of building-down of the drive 
motor 30 . 

A value y, which is found by deducting an 
20 intermediate transfer belt moving distance P in 5 

seconds (in this embodiment, a distance "0.045 m/s x 
0.5 s = 0.0225 m" the intermediate transfer belt 1 
moved at the second process speed 0.045 m/s in 0.5 
seconds) in the case in which the motor building-down 
25 time is neglected (0s) from the calculated total 

moving distance a (y=a-0) , is a moving distance of 
the intermediate transfer belt 1 to be generated for 
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the building-down of the motor (corresponding to the 
shaded part in FIG. 3). 

It is necessary to correct this moving distance 
Y to adjust the paper feeding timing and effect 
registration of an image leading end and a transfer 
material's leading end. The paper feeding timing, in 
the case in which the motor building-down time is 
neglected (Os) can be calculated if a process speed 
has been determined. In this embodiment, paper 
feeding timing TO in the case in which the motor 
building-down time is neglected (Os) is set and 
stored in advance. 

The CPU 31 stores timing of T, which is found 
by deducting time Tl=y/PS2 in which the intermediate 
transfer belt 1 moves the moving distance y for the 
motor building-down (the shaded part in FIG. 3) at 
the conveying speed PS2 of the transfer member 
(second process speed) from the set value TO, (T=TO- 
Tl) as final paper feeding timing. 

The CPU 31 uses this stored paper feeding 
timing as paper feeding timing at the time of every 
image formation to thereby make it possible to 
optimize a paper leading end registration. 

At the time of image formation, the image 
forming apparatus performs the image formation at the 
paper feeding timing found in the paper feeding 
timing acquisition sequence, builds up the motor to 
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the first process speed after finishing the secondary 
transfer step and the fixing step, starts the image 
formation again, and repeats the process to perform 
continuous printing. 

Note that , in the case in which a pulse motor 
(stepping motor) is used for the drive motor 30 of 
the intermediate transfer belt 1, since fluctuation 
in rotation, building-up, and building-down of the 
motor can be controlled to some extent by pulse 
control, it is relatively easy to adjust a positional 
relation between an image leading end and a paper 
leading end. However, for example, in the case of 
adopting a DC motor, fluctuation in a rotation speed 
during building-up and building-down of the motor at 
the time of process speed switching is increased in 
accordance with individual differences due to a 
manufacturing error of the motor, fluctuation in 
driving torque due to an environment in which the 
image forming apparatus is placed, fluctuation in 
driving torque due to endurance, and the like. Thus, 
it is very difficult to adjust the positional 
relation between the image leading end and the 
recording material leading end. 

Therefore, measurements are taken so that it 
becomes possible to adjust a positional relation 
between an image leading end and a recording material 
leading end by, for example, providing means which 
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detects the number of rotations of a drive motor for 
driving to rotate an intermediate transfer member, 
detecting the number of rotations during building- 
down of the motor at the time of process speed 
switching, calculating fluctuation in a moving 
distance of the intermediate transfer member which 
occurs at the time of building -down, and calculating 
timing for feeding a recording material to a 
secondary transfer position on the basis of a result 
of the calculation. 

However, since the number of motor rotations is 
detected at the time of process speed switching, and 
paper refeeding timing is calculated on the basis of 
a result of the detection and fed back, for example, 
in the case in which a distance form a paper 
refeeding unit (registration roller 40) to the 
secondary transfer unit is long, a problem as 
described below occurs. 

In short, after detecting the number of motor 
rotations , even if it is intended to calculate paper 
feeding timing and immediately feed back the number 
of motor rotations to the paper feeding timing, it is 
probable that paper refeeding is late and a leading 
end registration cannot be effected. In such a case, 
in order to adjust a positional relation between a 
registration of an image leading end and a recording 
material leading end, it is necessary to optimize a 
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structure and specifications of the apparatus such as 
a distance from a primary transfer unit to a 
secondary transfer unit, a distance between a 
registration roller and a secondary transfer roller, 
and a process speed. 

According to the first embodiment, an effect as 
described below can be obtained without optimizing 
the structure and specifications of the apparatus 
such as a distance from a primary transfer unit to a 
secondary transfer unit, a distance between a 
registration roller and a secondary transfer roller, 
and a process speed. 

In short, according to the first embodiment, 
the paper feeding timing acquisition sequence is 
executed in the initial sequence at the time of input 
of a power supply to calculate paper feeding timing. 
Thus, it becomes possible to provide an image forming 
apparatus without necessity of detection and control 
of the number of motor rotations and a process speed 
at the time of every image formation, and in 
particular, without limitation on an apparatus 
structure and the like. As a result, it becomes 
possible to obtain a satisfactory image with a paper 
leading end registration regardless of individual 
differences, environmental fluctuation, and endurance 
fluctuation of a motor. 
Second embodiment 



FIG. 4 is a sectional view showing a schematic 
structure of a "color image forming apparatus" 
according to a second embodiment . Components 
identical with those in FIG. 1 are denoted by 
identical reference numerals and symbols and will not 
be described again. This embodiment is an example in 
which, at the time of initial rotation, a pattern for 
detecting a conveying speed of a belt is formed on 
the intermediate transfer belt 1 # a conveying speed 
of the intermediate transfer belt 1 is detected by a 
sensor for concentration detection 32 opposed to the 
drive roller la, a building -down amount of a process 
speed is calculated, paper feeding timing is 
calculated, a calculated timing value is stored in 
storing means, and paper feeding timing is determined 
on the basis of the stored value at the time of image 
formation. 

An operation of this embodiment will be 
hereinafter described more in detail. 

At the time of initial rotation such as the 
time of input of a power supply, the CPU 31 carries 
out a paper feeding timing acquisition sequence by 
the intermediate transfer belt 1 at arbitrary timing. 
In a state in which the intermediate transfer belt 1 
is driven at a first process speed, an image for 
conveying speed detection is formed by at least one 
arbitrary station. In this embodiment, pattern 



formation by a fourth station is performed, and 
lateral lines are formed at equal intervals in a 
conveying direction of the intermediate transfer belt 
1 as a pattern. In this embodiment, the pattern of 
lateral lines formed at intervals of 1 mm (pattern 
for speed detection) was used. 

Next, simultaneously with the pattern for speed 
detection reaching the part of the sensor for 
concentration detection 32, the CPU 31 reads the 
pattern and starts detection of a conveying speed. 

In this embodiment, a concentration detection 
sensor for concentration control is used for the 
sensor 32 and light of an LED is irradiated on the 
intermediate transfer belt 1 to read amounts of 
reflected light on an image forming area and a non- 
image forming area, whereby the CPU 31 calculates a 
conveying speed and a conveying distance of the 
intermediate transfer belt 1 . 

After starting detection of the pattern by the 
sensor 32, the CPU 31 switches a process speed from 
the first process speed to the second process speed 
and calculates a conveying distance of the 
intermediate transfer belt 1 at the time of process 
speed switching by integrating a process speed and a 
time period at each timing until the process speed is 
switched to the second process speed. 

The CPU 31 calculates a time T2 in which the 
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Intermediate transfer belt 1 moves this conveying 
distance at the second process speed, finds T' by 
deducting a result of the calculation from paper 
feeding timing TO set and stored in advance as in the 
first embodiment (T'=T0-T2), and stores the timing of 
T' as final paper feeding timing . 

Thereafter, after a trailing end of the pattern 
for speed detection is cleaned by a cleaning member, 
the rotation is stopped and the intermediate transfer 
belt 1 is brought into a standby state in preparation 
for image formation. 

In subsequent image formation, a paper feeding 
operation is performed according to the stored paper 
feeding timing T' , and it becomes possible to perform 
image formation with a registration of a paper 
leading end. 

As described above, according to the present 
invention, the paper feeding timing acquisition 
sequence by the intermediate transfer belt is 
executed in the initial sequence at the time of input 
of a power supply to calculate paper feeding timing, 
and the sensor for concentration control is used for 
detecting means. Thus, it becomes unnecessary to 
provide an image forming apparatus with a simpler 
structure and, in particular, without limitation on 
an apparatus structure and the like. As a result, it 
becomes possible to obtain a satisfactory image with 
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a paper leading end registration regardless of 
individual differences, environmental fluctuation, 
and endurance fluctuation of a motor. 
Third embodiment 

An " image forming apparatus , * according to a 
third embodiment will be described. This embodiment 
is an example in which the image forming apparatus 
has, in addition to a second process speed for coping 
with cardboard, rough paper, and the like, a third 
process speed for coping with other media such as an 
OHT . Since a schematic structure of this embodiment 
is the same as the first embodiment, FIG. 1 and the 
description of FIG. 1 are applied, and the structure 
will not be described here. 

In this embodiment, a process speed at the time 
of normal image formation (first process speed) is 
set to 0.09 m/s, and the second process speed is set 
to 0.045 m/s, which is half the first process speed, 
as a cardboard and rough paper mode. In addition, 
the third process speed is set to 0.03 m/s, which is 
1/3 the process speed at the time of normal image 
formation (first process speed), as an OHT mode. 

FIG. 5 is a graph showing a process speed of 
the intermediate transfer belt 1 with respect to time 
from the start until the end of detection of the 
number of motor rotations. Note that, a rotation 
speed (process speed) of the intermediate transfer 
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belt 1 can be calculated from the number of motor 
rotations because the rotation speed is in a 
proportional relation with the number of motor 
rotations. 

First, as in the first embodiment, the CPU 31 
calculates a conveying speed and a conveying distance 
of the intermediate transfer belt 1 for building-down 
of the motor 30 from the first process speed to the 
second process speed, calculates paper feeding timing 
in the case of the cardboard and rough paper mode on 
the basis of a result of the calculation, and stores 
the paper feeding timing. 

Next, after determining the paper feeding 
timing in the case of the cardboard and rough paper 
mode, the CPU 31 builds up the motor 30 to the first 
process speed again. After completing the building- 
up, with the same procedure as detecting building- 
down to the second process speed, the CPU 31 
calculates a conveying speed and a conveying distance 
of the intermediate transfer belt 1 for building-down 
of the motor 30 from the first process speed to the 
third process speed, calculates paper feeding timing 
in the case of the OHT mode on the basis of a result 
of the calculation, and stores the paper feeding 
timing. 

On the basis of this stored value, the CPU 31 
calls the paper feeding timing in accordance with a 
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mode selected at the time of image formation to 
perform an image forming process . 

Consequently, as in the first embodiment, the 
paper feeding timing acquisition sequence is executed 
5 in the initial sequence at the time of input of a 

power supply to calculate paper feeding timing* Thus, 
it becomes possible to provide an image forming 
apparatus without necessity of detection and control 
of the number of motor rotations and a process speed 

10 at the time of every image formation, and in 

particular, without limitation on an apparatus 
structure and the like. As a result, it becomes 
possible to obtain a satisfactory image with a paper 
leading end registration regardless of individual 

15 differences, environmental fluctuation, and endurance 
fluctuation of a motor. 
Fourth embodiment 

A fourth embodiment of the present invention 
will be described on the basis of FIGS. 6 to 10. 

20 (Apparatus structure) 

First , a structure of an apparatus in 
accordance with the present invention will be 
described. 

FIG. 8 is a color image forming apparatus which 
25 is applicable to the present invention. 

Reference numeral 201 denotes a laser printer 
serving as the color image forming apparatus . In the 
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fourth embodiment, a color laser printer of a four- 
drum type will be described as an example. 

The color laser printer 201 includes image 
forming units of four colors in order to form a color 
image obtained by superimposing images of four colors 
(yellow Y, magenta M, cyan C, and black Bk) one on 
top of another. 

The image forming units include toner 
cartridges 209 to 212, which have photosensitive 
drums 301 to 304 serving as an image bearing members, 
respectively, and scanner units 205 to 208, which 
have laser diodes (LDs) 10 generating a laser beam as 
a light source for image exposure. The toner 
cartridges 209 to 212 and the scanner units 205 to 
208 are provided for the four colors, respectively. 

FIG. 9 shows a sectional structure of the color 
laser printer 201. 

Reference numerals 301 to 304 denote 
photosensitive drums, which are used for image 
formation of black (Bk), cyan (C) , magenta (M) , and 
yellow (Y) , respectively. 

Reference numeral 214 denotes a registration 
detection sensor. This registration detection sensor 
214 monitors a registration (alignment accuracy) of 
images on an intermediate transfer belt (ITB) 213 
serving as an intermediate transfer member. In other 
words, the registration detection sensor 214 reads 
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positions of images of the respective colors formed 
on the ITB 213 and feeds back data of the positions 
to a video controller 203 or an engine controller 204 
to thereby adjust registration positions of the 
images of the respective colors, thus preventing 
color drift. 

Note that, as a technique for preventing color 
drift using a registration detection sensor, there is 
known a technique disclosed in Japanese Patent 
Application Laid-Open No. HI- 142673. 

Here, an overall flow of image forming 
processing will be described briefly. 

When image data is received from a host 
computer 202 serving as an external apparatus shown 
in FIG. 8, the color laser printer 201 develops the 
image data into bitmap data with the video controller 

203 in the laser printer 201 to generate a video 
signal for image formation. 

The video controller 203 and the engine 
controller 204 perform serial communication to send 
and receive information. The video signal is sent to 
the engine controller 204, and the engine controller 

204 drives the laser diodes 10 in the scanner units 

205 to 208 according to the video signal to form 
images on the photosensitive drums 301 to 304 in the 
toner cartridges 209 to 212. 

The photosensitive drums 301 to 304 shown in 
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FIG. 9 are in contact with the ITB 213. The images 
formed on the photosensitive drums 301 to 304 of the 
respective colors are transferred onto the ITB 213 
and superimposed one on top of another, whereby a 
color image is formed. 

The laser diode 10 in the scanner unit 205 
generates a laser beam, which is modulated by a video 
signal generated by the video controller 203, to scan 
the surface of the photosensitive drum 301. On the 
other hand, the photosensitive drum 301 is rotated in 
a direction indicated by arrow at a constant speed by 
a drum motor (not shown) . The surface of the 
photosensitive drum 301 is uniformly charged by a 
charging roller 305. The laser beam, which is 
modulated by the video signal generated by the video 
controller 203, scans this surface, whereby an 
electrostatic latent image is formed. The 
electrostatic latent image is visualized as a toner 
image by the developing device 309. 

The video controller 203 sends the video, signal 
to the engine controller 204 usually when a 
predetermined time has passed after detecting an 
output signal of a beam detect (BD) sensor 20. 
Consequently, positions for starting formation of 
images with laser beams on the photosensitive drums 
301 to 304 are always aligned. 

Images of the respective colors are 
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sequentially transferred onto the ITB 213, which is 
conveyed at a constant speed, so as to be 
superimposed one on top of another (primary transfer 
images). In other words, an image of yellow (Y) is 
5 transferred onto the ITB 213 and images of magenta 
(M) , cyan (C) , and black (BK) are transferred onto 
the image of yellow (Y) in this order, and a color 
image is formed. 

The color image formed on the ITB 213 is 

10 - carried by the ITB 213. On the other hand, a 

recording material 30 in a paper feeding cassette 314 
is picked up by a pickup roller 316 and stops in a 
position of a registration roller 319. Thereafter, 
the recording material 30 is conveyed again from the 

15 position of the registration roller 319 so as to be 
at right timing with the image on the ITB 213 in a 
position of a transfer roller 318. 

Then, the color image is pressed by the 
transfer roller 318 to be transferred from the ITB 

20 213 to the recording material 30. After the image is 
fixed by heat and pressure from a fixing device 313 
on the recording material 30 having the image 
(secondary transfer image) transferred thereon, the 
recording material 30 is discharged to a paper 

25 discharge tray 317 above the color laser printer 201. 
FIG. 10 shows a structure of the engine 
controller 204 and devices around the engine 
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controller 204. 

The engine controller 204 includes a 
microcomputer for engine control 402 and a logic 
circuit for engine control (e.g., ASIC) 403 for 
5 controlling a DC motor and other engines. 

The logic circuit for engine control 403 
outputs a signal S2 on the basis of a signal SI to be 
output from the microcomputer 402 to drive and 
control a DC motor 401. 
10 The DC motor 401 drives the ITB 213 and the 

photosensitive drums 301 to 304. The DC motor 401 is 
provided with a position detector 404, which 
generates a frequency generator (FG) pulse S3 
according to the rotation of the DC motor 401. The 
15 logic circuit for engine control 403 controls the DC 
motor 404 such that a frequency of the FG pulse S3 
becomes a predetermined frequency. 

The microcomputer for engine control 402 
outputs a signal S4 to a DC motor 500. Consequently, 
20 the DC motor 500 drives various rollers such as the 
registration roller 319. 
(Apparatus operation) 

Next, an image forming operation will be 
described. 

25 FIG. 6 is a flowchart showing image forming 

processing in accordance with the present invention. 
FIG. 7 is a timing chart for explaining various 



operations* 

When a second speed switching mode is selected 
(step S101), the engine controller 204 starts image 
formation at a first speed VI (step S102). 

According to the start of the image formation, 
the recording material 30 is picked up from the paper 
feeding cassette 314 and started to be conveyed. 
Thereafter, the engine controller 204 stops the 
recording material 30 in a position of the 
registration roller 319, I.e., a standby reference 
position (step S103). 

On the other hand, the engine controller 204 
forms a color image on the ITB 213 and ends the 
formation processing of a primary transfer image 
(step S104) . 

After forming the primary transfer image, as 
shown in FIG. 7, the engine controller 204 switches a 
speed of the DC motor 401 to a second speed V2 , which 
is lower than the first speed VI, and starts counting 
of the FG pulse S3 of the DC motor 401 from 
predetermined timing (here, timing immediately after 
the switching which synchronizes with a speed 
switching signal) (step S105). 

When it is detected that the FG pulse S3 has 
reached a predetermined count number (step S106), the 
engine controller 204 rotates the registration roller 
319 and resumes the conveyance of the recording 
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material 30 from the standby reference position to 
refeed paper (step S107). 

The refed recording material 30 is pressed by 
the transfer roller 318, and the primary transfer 
image (color image) transferred on the ITB 213 is 
transferred onto the recording material 30, whereby a 
secondary transfer image is formed. After the 
secondary transfer image formed on the recording 
material 30 is fixed by the fixing device 313, the 
recording material 30 is discharged to the paper 
discharge tray 317. 

(Correction for aberration of a transfer position) 

Here, a reason for correcting aberration 
(deviation) of a transfer position of a secondary 
transfer image by counting the FG pulse S3 until a 
predetermined count number will be described. 

As shown in FIG. 10, in an image forming 
apparatus which uses the DC motor 401 (DC brushless 
motor) as a rotation drive motor for the 
photosensitive drums 301 to 304 and the ITB 213 and 
uses another DC motor 500 as a motor for paper 
feeding and conveyance, in the case in which a speed 
of the DC motor 401 is changed from the first speed 
VI to the second speed V2, there is large fluctuation 
of time in which the speed changes from the first 
speed VI to the second speed V2 depending upon 
individual differences, differences in a change in 
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motor load and a change in a motor drive voltage, and 
the like of the DC motors 401 and 500. 

For example, the speed of the DC motor 401 may 
be set stable to the second speed V2 in 0.5 seconds 
in one case and set stable to the second speed V2 in 
1 second in another case. 

At this time, even if it is intended to manage 
paper refeeding timing from the position of the 
registration roller 319 according to time as in the 
conventional manner, time for conveying the ITB 213 
after the speed is switched to the second speed V2 
changes, an image leading end position on the ITB 213 
fluctuates largely by a value found by the following 
expression (1) as a positional deviation value. 

(1 second - 0.5 seconds) * V2 ■ ■ • (1) 
Thus, in the present invention, an FG pulse of 
the DC motor 401 is counted to create paper refeeding 
timing instead of managing the paper refeeding timing 
according to time. Consequently, even if time in 
which the speed changes from the first speed VI to 
the second speed V2 fluctuates (i.e., a change in a 
frequency of the FG pulse fluctuates largely) , the 
number of pulses itself of the FG pulse takes a 
predetermined value according to a moving distance of 
the ITB 213 (since a distance of the ITB 213 does not 
fluctuate, the number of pulses of the FG pulse is 
fixed), paper can be refed at accurate timing by 
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counting the number of pulses of the FG pulse. 

Here, a specific method of correcting deviation 
of a transfer position will be described. 

In the case in which the DC motor 401 driving 
the ITB 213 and the DC motor 500 conveying the 
recording material 30 are different, a time Tl in 
which the recording material 30 moves from the 
position of the registration roller 319 (standby 
reference position) to a position of the transfer 
roller 318, to which an image is secondarily 
transferred (secondary transfer position), is taken 
into account in advance. The DC motor 401 is 
controlled such that an image leading end position of 
the primary transfer image formed on the ITB 213 is 
in the secondary transfer position at timing 
immediately before the time Tl elapses, it becomes 
possible to form a secondary transfer image free from 
deviation of a transfer position in a state in which 
a leading end position of the recording material 30 
and the image leading end position of the primary 
transfer image are always aligned. 

Therefore, an FG pulse S shown in FIG. 10 or an 
encoder output pulse S5 from an encoder 406 shown in 
FIG. 15 described later is set such that the paper 
ref eeding timing from the position of the 
registration roller 319 (standby reference position) 
according to the control of the DC motor 500 is 
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earlier than the timing, at which the image leading 
end position of the primary transfer image on the ITB 
213 moves to the position of the transfer roller 318 
according to the control of the DC motor 401 
(secondary transfer position), by the time Tl. 

Timing for refeeding the recording material 30 
from the position of the registration roller 319 can 
be generated by the above-mentioned image forming 
operation according to a conveying distance of the 
ITB 213 from the standby reference position. Thus, 
an image forming apparatus can be obtained which, 
even in the case in which a profile of a change in 
speed of the DC motor 401 fluctuates, creates a 
highly accurate and high quality secondary transfer 
image free from deviation of an image leading end 
registration . 

In addition, paper feeding timing can be 
generated by counting an FG pulse for controlling 
speed of the DC motor 401. Thus, it is unnecessary 
to include dedicated means such as an encoder 
separately in order to generate paper feeding timing. 
Consequently, production costs can be controlled 
without increasing the number of components. 
Fifth embodiment 

A fifth embodiment of the present invention 
will be described with reference to FIGS. 11 and 12. 

The fifth embodiment represents a modification 
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of the image forming operation. Note that, since a 
basic structure of the image forming apparatus is the 
same as that in the fourth embodiment (see FIGS. 8 to 
10), the structure will not be described here. 

FIG. 11 is a flowchart showing image forming 
processing in accordance with the present invention. 
FIG. 12 is a timing chart for explaining various 
operations. 

An image forming operation in accordance with 
the present invention will be hereinafter described. 

When the second speed switching mode is 
selected (step Sill), the engine controller 204 
starts image formation at the first speed VI (step 
S112) . 

When the image formation is started at the 
first speed VI, as shown in FIG. 12, the engine 
controller 204 generates a vertical synchronizing 
signal 50 and starts counting of the FG pulse S3 of 
the DC motor 401 with the vertical synchronizing 
signal 50 as a trigger (step S113). 

Then, after picking up to start conveying the 
recording material 30 at predetermined timing, the 
engine controller 204 stops the recording material 30 
in the standby reference position of the registration 
roller 319 (step S114). 

This predetermined timing refers to timing 
after the counting of the FG pulse S3 is started, and 
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usually the timing is in a period for creating an 
image at the first speed VI. 

The engine controller 204 forms a color image 
on the ITB 213 and ends an operation for forming a 
5 primary transfer image (step S115). 

After forming the primary transfer image, the 
engine controller 204 switches the speed of the DC 
motor 401 to the second speed V2 (<V1) (step S116). 
When it is detected that the FG pulse F3 has 
10 reached a predetermined count number (step S117), the 
engine controller 204 rotates the registration roller 
319 to start conveying the recording material 30 and 
transfers the primary transfer image on the ITB 213 
onto the recording material 30 to thereby create a 
15 secondary transfer image (step S118). 

Here, the predetermined count number of step 
S117 means a count number equivalent to time 
necessary for entering a secondary transfer image 
forming period after the speed is switched to the 
20 second speed V2 . 

After ending the secondary transfer, a series 
of operations for fixing and paper discharge are 
performed. 

Note that the standby reference position, where 
25 the engine controller 204 stops the recording 

material 30, is not limited to the position of the 
registration roller 214. 
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In addition, in this embodiment, the example is 
described in which the recording material 30 is 
picked up in advance and, then, caused to stand by in 
the position of the registration roller 214. However, 
5 pickup starting timing itself may be controlled. 

Timing for refeeding the recording material 30 
from the position of the registration roller 319 can 
be generated by the above-mentioned image forming 
operation according to a conveying distance of the 

10 ITB 213 from a position immediately after starting 

the image formation. Thus, even in the case in which 
a change in speed of the DC motor 401 occurs during 
image formation at the first speed VI, formation of a 
secondary transfer image free from deviation of an 

15 image leading end registration can be performed. 

In addition, according to the structure of this 
embodiment, since the predetermined timing for 
starting the counting of the FG pulse S3 is identical 
with the vertical synchronizing signal 50 which is 

20 used for aligning an image in the vertical direction. 
Thus, it is possible to manufacture an image forming 
apparatus which is capable of obtaining a highly 
accurate and high quality secondary transfer image 
free from deviation of an image leading end 

25 registration without necessity of generating 

dedicated timing using a counter or the like of a 
microcomputer. 
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Sixth embodiment 

A sixth embodiment of the present invention 
will be described with reference to FIGS. 13 to 15. 

The sixth embodiment represents a modification 
5 of the structure and the operation of the image 
forming apparatus. Note that, since a basic 
structure of the image forming apparatus is the same 
as that in the fourth embodiment (see FIGS. 8 and 9), 
the structure will not be described here. 
10 (Apparatus structure) 

FIG. 15 shows the engine controller 204 and 
devices around the engine controller 204. Note that 
FIG. 15 is a modification of the structure shown in 
FIG. 10, and components identical with those in FIG. 
15 10 are denoted by the identical reference numerals 
and symbols . 

The DC motor 401 for driving the ITB 213 is 
provided with the position detector 404, which 
generates the FG pulse S3 according to the rotation 
20 of the DC motor 401. 

The logic circuit for engine control 403 
controls the DC motor 404 such that a frequency of 
the FG pulse S3 becomes a predetermined frequency. 
The encoder 406 is attached to a shaft of the ITB 
25 drive roller 405, which outputs the encoder output 
pulse S5 according to a rotation angle of the drive 
roller 405. 
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The encoder output pulse S5 is inputted to the 
logic circuit for engine control 403 in the engine 
controller 204. The logic circuit for engine control 
403 can find an accumulated rotation angle of the ITB 
5 drive roller 405 by counting the encoder output pulse 
S5 of the encoder 406. 

In addition, the logic circuit for engine 
control 403 can find a moving distance of the ITB 213 
from the count number of the encoder output pulse S5 
10 by calculating a moving distance of the ITB 213 per 
one pulse of the encoder output pulse S5 in advance. 
( Apparatus oper at ion ) 

Next, an image forming operation will be 
described. 

15 FIG. 13 is a flowchart showing image forming 

processing in accordance with the present invention. 
FIG. 14 is a timing chart for explaining various 
operations . 

When a second speed switching mode is selected 
20 (step S121), the engine controller 204 starts image 
formation at a first speed VI (step S122). 

According to the start of the image formation, 
the recording material 30 is picked up and started to 
be conveyed. Thereafter, the engine controller 204 
25 stops the recording material 30 in the standby 

reference position of the registration roller 319 
(step S123) . 
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The engine controller 204 forms an image on the 
ITB 213 and ends the formation processing of a 
primary transfer image (step S124). 

After forming the primary transfer image, as 
shown in FIG. 14, the engine controller 204 switches 
a speed of the DC motor 401 to a second speed V2 
(<V1), and starts counting of the encoder output 
pulse S5 of the encoder 406 from predetermined timing 
(here, timing immediately after the switching which 
synchronizes with a speed switching signal) (step 
S125). 

When it is detected that the encoder output 
pulse S5 has reached a predetermined count number 
(step S126), the engine controller 204 rotates the 
registration roller 319 to start conveying the 
recording material 30 and transfers the primary 
transfer image on the ITB 213 onto the recording 
material 30 to thereby create a secondary transfer 
image (step S127). 

Here, as in the first embodiment, the 
predetermined count number of step S126 means a count 
number equivalent to time necessary for entering a 
secondary transfer image forming period after the 
speed is switched to the second speed V2 . 

After ending the secondary transfer, a series 
of operations for fixing and paper discharge are 
performed . 
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Refeeding of the recording material 30 from the 
position of the registration roller 319 can be 
performed by the above-mentioned image forming 
operation at timing according to a conveying distance 
of the ITB 213 from the standby reference position. 
Thus, even in the case in which a profile of a change 
in speed of the DC motor 401 fluctuates, formation of 
a secondary transfer image free from deviation of an 
image leading end registration can be performed. 

In addition, according to the structure of this 
embodiment, the encoder 406 is attached to the ITB 
drive roller 405 to find a conveying distance of the 
ITB 213. Thus, alignment of an image in the vertical 
direction can be performed at high accuracy by 
increasing accuracy of the encoder output pulse S5. 
Consequently, it is possible to obtain a highly 
accurate and high quality secondary transfer image in 
which a deviation of an image leading end 
registration is corrected. 
Seventh embodiment 

A seventh embodiment of the present invention 
will be described with reference to FIGS. 16 and 17. 

The seventh embodiment represents a 
modification of the image forming operation. Note 
that, since a basic structure of the image forming 
apparatus is the same as that in the sixth embodiment 
(see FIG. 15), the structure will not be described 



here . 

FIG. 16 is a flowchart showing image forming 
processing in accordance with the seventh embodiment. 
FIG. 17 is a timing chart for explaining various 
operations . 

An image forming operation in accordance with 
the present invention will be hereinafter described. 

When the second speed switching mode is 
selected (step S131), the engine controller 204 
starts image formation at the first speed VI (step 
S132) . 

When the image formation is started at the 
first speed VI, the engine controller 204 generates 
the vertical synchronizing signal 50 and starts 
counting of the encoder output pulse S5 of the 
encoder 406 with the vertical synchronizing signal 50 
as a trigger (step S133). 

Then, after picking up to start conveying the 
recording material 30 at predetermined timing, the 
engine controller 204 stops the recording material 30 
in the standby reference position of the registration 
roller 319 (step S134). 

This predetermined timing refers to timing 
after the counting of the encoder output pulse S5 is 
started, and usually the timing is in a period for 
creating an image at the first speed VI. 

The engine controller 204 forms a primary 
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transfer image on the ITB 213 (step S135). 

After forming the primary transfer image, as 
shown in FIG. 17, the engine controller 204 switches 
the speed of the DC motor 401 to the second speed V2 
(<V1) (step S136) . 

When it is detected that the encoder output 
pulse S5 has reached a predetermined count number 
(step S137), the engine controller 204 rotates the 
registration roller 319 to start conveying the 
recording material 30 (step S138). 

Here, as in the first embodiment the 
predetermined count number of step S137 means a count 
number equivalent to time necessary for entering a 
secondary transfer image forming period after the 
speed is switched to the second speed V2 . 

After ending the secondary transfer, a series 
of operations for fixing and paper discharge are 
performed. 

Refeeding of the recording material 30 from the 
standby reference position of the registration roller 
319 can be performed by the above-mentioned image 
forming operation at timing according to a conveying 
distance of the ITB 213 from a position immediately 
after starting the image formation. Thus, even in 
the case in which a change in speed of the DC motor 
401 occurs during image formation at the first speed 
VI, formation of a secondary transfer image free from 
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deviation of an image leading end registration can be 
performed. 

In addition, in the seventh embodiment, the 
encoder 406 is attached to the ITB drive roller 405 
5 to find a conveying distance of the ITB 213. Thus, 
deviation of an image in the vertical direction can 
be corrected at high accuracy by increasing accuracy 
of the encoder output pulse S5 . 

Further, according to the structure of the 

10 seventh embodiment, predetermined timing for staring 
the counting of the encoder output pulse S5 is 
identical with the vertical synchronizing signal 50 
used for performing alignment of an image in the 
vertical direction. Thus, it is possible to 

15 manufacture an image forming apparatus which creates 
a highly accurate and high quality secondary transfer 
image free from deviation of a positional relation 
(registration) between an image leading end and a 
leading end of the recording material P without 

20 necessity of generating dedicated timing using a 
counter or the like of a microcomputer. 

Note that it is needless to mention that the 
present invention is not limited to the above- 
described embodiment and various modifications are 

25 possible within a range of appended claims. 

In addition, the above description is made for 
the case in which an inline image forming apparatus 
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having plural first image bearing members in parallel 
is used. However, it is needless to mention that 
this structure can be mounted to a rotary system 
image forming apparatus, which forms a multiple image 
5 on a second image bearing member by repeating image 
formation plural times from a single first image 
bearing member, at the time of a mono-color mode, and 
the same effect can be obtained. 

Note that, in the above-mentioned embodiments, 

10 the paper feeding timing acquisition sequence is 

executed in the initial sequence at the time of input 
of a power supply. However, the timing for the paper 
feeding timing acquisition sequence is not limited to 
this, and the paper feeding timing acquisition 

15 sequence can be executed at the time of actuation of 
a concentration control sequence, at the time of 
actuation of a registration adjustment sequence, or 
at arbitrary timing. 



